The dynamic voltage restorer is one of the power electronic based device. It is also known as the custom power device which is used in the distribution system. It is used for the protection of household and industrial electrical devices against sudden changes in the amplitude of voltage, mainly voltage sag and voltage swells. The DVR works in such a manner by injecting the compensating voltage to the system where the disturbance or fault has occurred DVR can inject up to 50% o the nominal voltage to the system. In this paper, the analysis on DVR is done, and also its functions are explained. Simulation results are also being shown and compared to each other to find out and examine the capability and usefulness of the controlled structure.
Introduction
The maintenance of good power quality is one of the most important issue now-a-days and the consumers as well as the electrical suppliers are very much concerned about about the issue of power quality. This matter has obtained a large attention in the past few years. Since most of the electrical equipments used today are very sensitive and may get damaged due to interruption during poor power quality events. Such poor power quality events mostly happen during the condition when fault occurs, for example the lightening strokes. Such faults unpropitiously create an impact on line-voltage ad the current waveforms. This may further affect the operation and efficiency of the electrical equipments.
Power Quality can be defined as the study of powering and grounding electronic systems so as to maintain the integrity of the power supplied to the system. It can also be defined as the concept of powering and grounding the electronic equipments in such a manner that is suitable for the operation of that equipment.
Nevertheless, a good power quality cannot be defined so easily. This is because, all the equipments do not require the same type of power quality. The type of power quality varies from one equipment to the other. However, power quality is basically the amalgamation of current quality and voltage quality, which involves the interaction between the system and the load connected. Here the voltage quality implies to the fluctuation or variation of the voltage waveform from idea sinusoidal voltage waveform. It involves the performance of the system to the load, whereas current quality involves the operation load towards he power system. But actually, the voltage quality is the major issue of concern in the power quality in most of the cases. The equipments in our power system are designed to operate at a sinusoidal voltage having frequency of 50 or 60 Hz and magnitude. If any noteworthy irregularity or fluctuation is present in the waveform, frequency or magnitude, then there is a potential power quality problem in the system. The poor power quality usually shows the deviation in the voltage waveform from that of the ideal voltage waveform of the same device. Hence, the power distribution systems, should ideally supply an uninterrupted power flow to their customers. Some of the disturbances which occur in the voltage waveform are as follows-
Voltage Sag
Voltage Sag can be defined as the temporary or momentary decrease in the root mean square (RMS) voltage ranging between 0.1 to 0.9 per unit. The duration of the voltage sag is half cycle to 1 minute. It can also be defined as the voltage sag occurs when the RMS voltage diminishes between 10 and 90 percent of nominal voltage for one half cycle to 1 minute. Voltage sags appear from the utility and this could be experienced by us at our residence when the air conditioner, refrigerator or fan start-up.
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Voltage Swell
Voltage Swell is just opposite to that of voltage sag. It can be defined as the momentary increase in root mean square (RMS) voltage from 1.1 to 1.8 per unit of the nominal line voltage for the duration of half cycle to one minute.
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Solution To The Power Quality Problems
There are two ways in which the problems of voltage sag and swell can be resolved. The first step could be taken from the customer's side or the actions could be taken from the utility side. The first approach is known as the "load conditioning". In his approach electrical equipment is made certain in such a manner that is less susceptible to the disturbances or faults, further allowing the operation even under considerable voltage distortion. The second approach is known as the "line conditioning". In the line conditioning system's utility side plays a very important role in the improvement of the power quality. The devices used in the line conditioning system are the custom power devices. There are various types of custom power devices, the device which is discussed in this paper is the Dynamic Voltage Restorer (DVR). The simulation model is developed using MATLAB SIMULINK and the output results are also discussed.
Dynamic Voltage Restorer
The Dynamic Voltage Restorer (DVR) is a series connected voltage sourced converter based custom power device which is designed to protect the sensitive electrical equipments from voltage sag and swells in the power distribution network. The term custom power device refers to the use of power electronic controllers in the distribution system. Hence, DVR is the power electronic converter based solid state device. It is one of the most efficient and modern custom power device used in the distribution system. The first DVR was installed in North America in the year 1996 at a 12.47 kV system located in Anderson, South Carolina.
The basic operating principle of DVR is to inject voltage of the required magnitude and frequency, so that system can restore the load side voltage to the desired amplitude and waveform even when the source voltage is unbalanced or distorted. DVR is installed in a distribution system between the supply and the critical load feeder. It can inject up to 50% of the nominal voltage. The maximum voltage that could be injected by the DVR can be determined by the energy storage unit and the voltage injection transformer ratio. Therefore, DVR allows successfully to provide protection against voltage sag condition.
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The above figure shows the location of DVR. 
General Configuration of DVR
[a] Injection or Booster Transformer
The basic function of Injection or Booster Transformer is to connect the DVR to the distribution network through the HV winding and transform and also to couple the injected compensating voltage generated by the voltage source inverter in series with the incoming supply voltage. Booster Transformer also isolates the load from the system. The low voltage winding of this transformer is connected to the power circuit of DVR.
[b] Harmonic Filter This is used or the elimination and reduction of harmonic content present in the system which is generated by the voltage source inverter (VSI).
[c] Voltage Source Inverter
The Voltage Source Inverter is used for the conversion of DC voltage (which is supplied by the energy storage unit) to the AC voltage. The voltage source inverter is power electronic device which can generate a sinusoidal waveform at a desired frequency and magnitude.
[d] Energy Storage Unit
This is used to supply the real power requirements of the system for compensating the voltage during the period of voltage sag. Here the energy is stored in the DC form. Some of the devices used for the energy storage are flywheels, batteries, super capacitors, etc. Energy storage unit is the most expensive part of DVR.
[e] Control System The control system is used or maintaining the constant voltage magnitude near the sensitive load during the time when the disturbance (voltage sag) occurs.
Simulation Results
Modelling and simulation are performed on the transmission line in which the DVR is connected. The model is shown below in figure.5.
Figure 5:
A small part of a transmission line is taken into consideration and the simulation is performed using MATLAB. The output waveforms obtained are as follows-(a) When the DVR is not connected from the system, the voltage sag can be seen in the output waveform.
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The above waveform in figure.6 shows the condition of voltage sag. 
Figure 7
The above waveform in figure.7 shows the normal output waveform without having voltage sag.
Conclusion
In this paper the characterization of DVR is done. The basic components of DVR are explained along with the power quality and the major power quality problems with the help of simulation results. It is concluded that the Dynamic Voltage Restorer is the most efficient custom power device which can be used for the compensation of voltage during the disturbance occurs.
